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Abstract 
The national priority axis is increase of RES use in Latvian Energy sector, so new solutions for 
Electricity, Heat and Cool production are searching for. In Latvian conditions cooling is required about 
5000 degree hours per year (at an indoor temperature of 21 °C), but the importance of outdoor air relative 
humidity ranging from 70-90%. Optimal relative humidity for human body is from 45 - 55%, if the 
moisture levels in the air are lower or higher, it would adversely affect the health, so it is important that 
humidity level is optimal in areas with a high human concentration. Solar energy is available at the same 
time when is need to cool rooms, so Solar Cooling are suitable also in Latvia. In Latvia such a system is 
not used, so it is important to assess the potential of this system. In the Institute of Physical Energetic 
Solar Energy Testing polygon the Solar Cooling system was installed with the cooling capacity 8 kW in 
the facility, measuring equipment was connected and operating data have been monitored and technical 
equipment performance were improved. As in Latvian climatic conditions in the summer period (may -
September) the average outside air temperature is about 15° C (max temperature of summer season 
average value + 26.38°C) and solar radiation - 1100 kWh/year, than the experimental equipment has 
operation temperature range of 55 -95 ° C in the driving circuit. An, evaluation of possible use, the 
advantages and disadvantages of the system, taking into account the reduction of fossil fuel use for 
cooling will be provided. 
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1. Introduction 
Cooling is necessary more than 5 000 degree hours in the Baltic States climate conditions, but heating 
is necessary about 90 000 degree hours. The heating season starts at the outdoor air temperatures below 
+8°C. But cooling may be required already at low outdoor air temperature and high solar radiation. While 
temperature is about from +8 to +16°C mostly needs neither heating nor cooling.[1-2] 
 
* Corresponding author. Tel.: +371 67 558620; fax: +371 67 5535357. 
E-mail address: shipkovs@edi.lv. 
2630   Shipkovs Peteris et al. /  Energy Procedia  57 ( 2014 )  2629 – 2635 
 As in Latvian climatic conditions in the summer period (may -September) the average outside air 
temperature is about 15° C (max temperature of summer season average value + 26.38°C) and solar 
radiation - 1100 kWh/year.[3-5] 
Using supported long-term measurements, it was found that the deviation between the radiation 
intensity in different years, dropping on plane on 60 ° position can reach 37%. Fluctuations in the 
quantity of radiation in different years may differ by 7%. In the following calculations it is taken into 
account.  
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Fig. 1. Solar radiation in different years 
Solar energy is at the same time when is need rooms cooling, so solar cooling are suitable also in 
Latvia. In Latvia such a system is not used up to now, so it is important to define the potential of these 
systems.  
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Fig. 2. Degree hours over defined outdoor air temperature in Baltic country region 
The diagrams in fig.2 shows us, that outdoor temperature exceeds 22°C only 1 000 degree hours per 
year, and this provides an opportunity for appropriate use of heat rejection towers of solar cooling system, 
that efficient operate in given conditions, reducing heat carrier temperature in heat rejection circuit from 
32 till 27°C. 
Heat producing part of small capacity solar cooling systems with solar collectors was estimated using 
PolySun modeling and dynamic simulation program. 
The average efficiency of the solar thermal systems (STS) for well- designed thermal systems with 
glazed flat- plate collectors is about 30-35% in Baltic countries region. If evacuated tube collectors are 
used, the efficiency increased to about 35-40%, because of the collectors lower heat losses. 
A significant part of solar collectors absorbed energy is consumed as heat losses in solar collectors, in 
solar collector circuit and in accumulation tank. The heat losses in solar collector circuit and accumulation 
tank are more than 30% from the collector field yield gain in typical solar thermal systems in Baltic 
countries region. 
Annual global solar radiation is lower in Baltic countries region in comparison with other European 
countries where solar collectors are more widespread. And outdoor air temperature range is below average 
values in Europe. This creates the need for solar thermal system optimization for solar cooling in Baltic 
countries region.  
The same typical STS were tested in different Europe regions using dynamic simulating program. 
Results were equated to 1 square meter of solar collector absorber. 
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Fig. 3. STS productivity and energy losses in different part of solar thermal systems in different counties 
As shown in fig.3 the solar collector heat losses are larger in Baltic country region than in Berlin by 3 
%, Paris by 9 % and Madrid by 13 %. It is larger notwithstanding the fact that STS work hours is more in 
warmer regions. If consider proportionally to global solar radiation that falls on solar collectors, heat 
losses is lower in collector circuit in warmer regions. Therefore regularities of heat losses and coefficient 
of thermal conductivity of the single components of the STS differ in Baltic country regions than in 
warmer regions. 
2. Methods 
The weather condition data from “solar energy testing polygon” was integrated into the program with 
an hourly resolution. Solar energy testing polygon is located at the Institute of Physical Energetic in 
Latvia [3]. High accuracy measuring equipment was used for weather data collecting. Global solar 
radiation was detected with CMP3 and CMP21 pyranometers. Outdoor air temperature was measured with 
PT100 resistance thermometer. Period of data collection is 4 years, from 2008 to 2012. 
Solar heat production model was developed with required heat load for thermally driven chillers. The 
model was created for solar cooling system with 8kW nominal chilling power. Several foreign solar 
cooling system was analyzed, and it was decided make model of solar cooling systems with vacuum tube 
solar collectors. The aperture area of solar collectors is about 20m2, tilt angle of solar collectors 30º; η0, 
optical efficiency of solar collectors 0.74; c1, linear heat losses coefficient of solar collector 1.28 
(W/(m2*K)); c2, the quadratic heat losses coefficient 0.007 (W/(m2*K2)), hot accumulation tank volume 
1m3, 100mm accumulation tank insulation with thermal conductivity 0.042 W/(m*k). 
3. Results and discussions 
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The tilt angle for maximal heat production was defined by changing tilt angle of solar collector by 
model simulation. The tilt angle of annual maximal solar collector production does not coincide with tilt 
angle of maximal solar collector production in cooling period. It is because sun is closer to zenith in 
summer. The larger tilt angle profitable use only if additional heat consumption is sufficient. In this way 
the additional annual gain is only 30kWh from solar collector each square meter. 
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Fig. 4. Collector yield dependence from tilt angle for collector temperature over 60°C.  
The model with 30° tilt angle of solar collector was taken as a basis. The horizon was taken as 
completely clean.  
Thermally driven chillers starts at the specified inlet temperature from heat production part. Also 
efficiency of thermally driven chillers increases, when inlet temperature increasing. Temperature rage in 
driving circuit varied depending on cooling technology.  
Table 1. Solar radiation in the collector plane (at 30° tilt angle) 
   kWh/m² 
  Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Year 
Global radiation 31.3 57.9 102 136 177 174 175 154 97.7 64.3 28.1 20.3 1218 
Diffuse radiation 12.9 23.7 44.1 60.8 80.6 88.9 88.6 70.5 52.8 29.1 13.9 9 574.8 
 
The market of low power solar chillers was investigated. It was observed, that 90% from 156 works on 
the principle of absorption [6]. The temperature rage in driving circuit of absorption chiller is 75-110°C 
using ammonia-water technology and 75-105 ° C using absorption water-LiBr technology. But 
temperature rage in driving circuit get lower with adsorption technology. Water-silica gel adsorption 
technology using decries this temperature range till 55-95°C. 
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Collector yield for a fixed collector temperature was obtained to determine appropriate thermal energy 
benefits from solar collector for specific thermally driven chillers. 
Table 2. Collector yield for a fixed average collector temperature (Tm) 
  Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. Year 
   kWh/m² 
Tm= 10°C 16 32.3 61 85.6 118 117 119 105 64 39.9 15.4 10.4 783.8 
Tm= 20°C 14 29.3 56.6 80.3 111 110 112 98.4 58.9 36.2 13.1 8.9 728.4 
Tm= 30°C 12.2 26.4 52.3 75.2 105 104 105 92.7 54.3 32.8 11.1 7.6 678.2 
Tm= 40°C 10.5 23.7 47.9 70 98.7 97.1 98.7 87.1 49.6 29.7 9.5 6.3 628.7 
Tm= 50°C 8.8 21.1 43.6 64.9 92.4 90.7 92.2 81.4 44.9 26.7 8.1 5.1 580.1 
Tm= 60°C 7.2 18.7 39.7 59.9 86.4 84.4 85.7 75.9 40.5 23.8 6.8 4 532.8 
Tm= 80°C 4.5 14 31.9 50.5 74.6 71.9 73.2 65 32 18.5 4.6 2.2 442.9 
Tm= 100°C 2.4 9.7 24.4 41.6 63.1 59.6 60.6 54.7 24.4 13.7 2.9 1.1 358.2 
Tm= 120°C 1 6.2 17.5 32.8 51.7 48 48.5 44.5 17.5 9.6 1.5 0.3 279 
Tm= 150°C 0.1 2.5 9.2 20.8 35.2 31.6 31.4 29.6 9.8 4.6 0.5 0 175.5 
 
It is shown in table 2, that water-silica gel technology using increase additional thermal energy 
production from solar collectors by 540kWh in cooling season. Heat losses of the separate components of 
the solar thermal system were determined by using dynamic simulation program. The result shows that 
increasing of temperature range also increases heat losses in accumulation tank by 160 kWh in time 
period from April till August. But heat losses in solar collector circuit increased by 75kWh during the 
same period. 
 
 
Fig. 5. Variations of annual tank top layer and ambient temperatures and annual theoretical cooling demand. 
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Proportion of the time for heat carrier temperature over 55°C from hot accumulation tank is more than 
91%, and over 65°C – 85% of the time. The additional heat source using is required in hot but cloudy 
hours. The additional heat is necessary less than 70kWh during cooling season in this case. 
Fig.5 shows, that it is additional thermal energy from solar collectors in time from mid autumn to early 
spring, which can be used for other purposes. If this heat is not used, then heat losses only from 
accumulation tank are more than 1 100kWh in non cooling period. And heat losses from solar collector 
circuit exceed 800kWh. 
Heat rejection is used for other purposes and temperature is reduced in accumulation tank that 
respectively increase solar collector’s efficiency. For example, if that system is connected with domestic 
hot water system with 300 liters of daily hot water consumption, it increases annual solar collectors 
production by 1.6 MWh. Thus, additionally provide about 65% from annual hot water necessary heat 
demand. The providing of domestic hot water using solar energy significantly increase in season when 
cooling is not recurred, and even reach 84% of the necessary amount of heat during this season. In this 
case annual heat losses in accumulation tank also reduce till 1.5 MWh, and annual heat losses in 
pipeline’s solar collector circuit – up to 1.3 MWh. 
4. Conclusions  
It is possible to define of cooling demand influence on solar collector part, through simulation of solar 
cooling system without additional heat demand. Solar collectors can almost totally provide heat 
requirement for chilling process, by producing about 4.2 MWh per year. Solar fraction in this case is 
about 98%. Heat carrier temperature from 55 till up to 95°C in driving circuit is necessary for effective 
work of thermally driven chillers with water-silica gel technology. 
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